Introduction ▼
Liver nodules detected by ultrasound may arise on the basis of neoplastic, degenerative and infectious diseases. Characterization may be facilitated by contrast enhancement (CEUS) as these conditions have distinct vascular features (M. Claudon et al. Ultraschall Med 2013; 34: 11-29) . Nodular regenerative hyperplasia (NRH), a combination of liver atrophy and adjacent hyperplastic nodules, may be caused by vascular liver lesions from drugs or herbal substances. Here a challenging case of liver nodules in the follow-up care of colonic cancer is presented. The contrast enhancement mimicked hypervascular metastases; detailed pathological workup revealed NRH. However, morphological features partially resembling focal nodular hyperplasia (FNH) were also present, which is another vascular damage-related condition.
Case presentation ▼
A 46-year-old male presented with a mucinous adenocarcinoma of the right colonic flexure 6 years ago (ICD-O M8480/3 C18.2 pT3 pN1b(2/29) cM0 G3 R0). The postoperative recovery after right hemicolectomy was excellent. Adjuvant oxaliplatin-based chemotherapy was applied (FOLFOX4 regimen: Folinic acid, 5-Fluorouracil and oxaliplatin) and well tolerated. Subsequently the patient was in good health without evidence of recurrent disease.
Due to the high-risk situation (2 lymph node metastases up to 4 cm in size) and the patient's young age, ultrasound examinations including CEUS of the liver were scheduled every 6 months. All follow-up US investigations were performed in a standardized way by the same physician. In the 6th year, 3 new echopoor lesions were detected that showed hyperperfusion in the arterial phase of CEUS (q Fig. 1, 2) . The sizes of these lesions were 5-8 mm only. One nodule in segment II showed early arterial enhancement and a wash-out phenomenon in the late phase, as known from metastases (qFig. 1b, c). Another nodule in segment V had a prominent feeding artery and early and prolonged contrast enhancement, features typically seen in FNH (q Fig. 2b ). The echoes of the liver parenchyma were enhanced reminiscent of 1st grade fatty liver disease. Blood counts and liver enzymes were normal. Carcinoembryonic antigen (CEA) was not elevated. Portal hypertension was ruled out. Magnetic resonance imaging (MRI) and computed tomography (CT) did not show any of these lesions, even with fusion imaging (GE, LOGIC E9; Volume Navigation, C1-5 and 9 L probe). It was decided to combine open laparotomy with intraoperative ultrasound including CEUS to reevaluate the number of lesions and perform frozen sections. The nodules were confirmed (q Fig. 2a ) and two more 3-mm lesions were detected. All five lesions were resected under US control. The immediate histological result confirmed R0 resection yet did not reveal malignancy. The patient recovered well and six months after the re- 
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Histopathology ▼
The nodules were investigated by frozen sections intraoperatively. Macroscopically the foci were difficult to recognize as they were just slightly brighter compared to the adjacent liver tissue. Malignancy was ruled out. In hematoxylin-eosin stainings after paraffin-embedding the nodules were of subtle appearance. Reticulin stainings revealed sinusoidal dilation in the nodular areas. The hepatocytes were slightly enlarged and formed two-cellbroad cell plates (q Fig. 3) , indicative of nodular regenerative hyperplasia (NRH). Immunohistochemistry (IHC) for the endothelial marker CD31 demonstrated neovascularization of the nodu- . 3c ). Elastica-van-Gieson stainings showed signs of damage to portal vein branches in the adjacent liver parenchyma: Mild periportal fibrosis, slit-like and obliterated portal veins (q Fig. 4a ).
Also, minor lymphocytic infiltration was noticed around the one nodule in segment V (q Fig. 4b ) as well as slender fibrotic strands with mesh-like patterning (q Fig. 4c ). Cytokeratin7-IHC revealed proliferated bile ducts within the fibrotic strands (qFig. 4 d) The morphological appearance of four of the nodules was typical for NRH but one nodule in segment V showed contrast enhancement and morphology comparable to FNH. Besides "classic" FNH, so-called FNH-like lesions are histopathologically recognized and have been described in vascular disorders of various causes. Oxaliplatin-induced portal vein damage has so far not been linked to the formation of FNH-like lesions. On the other hand, it is plausible for a vasculature-damaging agent to cause any form of resulting hepatic reaction.
Liver damage is a common side-effect of oxaliplatin but usually causes only mild increases in liver enzymes and does not lead to clinical consequences (L. Rubbia-Brandt et al. Histopathology 2010; 56: 430-439) . Thus, NRH and also FNH-like lesions may often remain undiscovered and might be more common than is reflected by published reports. Here, detailed follow-up including CEUS demonstrated two variants of NRH presumably caused This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.
sind die unterschiedlichen Eigenschaften der jeweiligen Kontrastmittel (S Wilson et al. Am J Roentgenol 2007; 189: W7-W12 
